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A rare case of unilateral variations of forearm
arteries: anatomy, embryology and clinical

implications
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This study documents the existence and topographic
anatomy of a rare case of variant forearm arteries found
in the left upper limb of a 68-year-old male cadaver. The
arteries of the arm followed typical courses, but both
the radial and ulnar arteries in the forearm followed

a superficial course. The common interosseous artery
and recurrent ulnar arteries branched from the radial,
not the ulnar, artery. The radial artery was larger than
the ulnar artery and was the major source of blood
supply to the forearm. Clinical implications for single
superficial forearm arteries are reviewed. A person with
both superficial radial and superficial ulnar arteries
would be at a substantially increased risk of injury or
iatrogenic effects that could compromise blood supply to
the hand. This study will enhance clinician’s awareness
of potential arterial variations, so they can provide

Cette étude documente I’existence et I’anatomie
topographique d’un rare cas de variante d’arteres de
I’avant-bras observé dans le membre supérieur gauche
du cadavre d’'un homme de 68 ans. Les arteres du bras
ont suivi des trajets typiques, mais les artéres radiale et
cubitale de I’avant-bras ont suivi un trajet superficiel.
L’artere interosseuse commune et les artéres cubitales
récurrentes se sont ramifiées a partir de l’artere radiale,
pas l’artere cubitale. L’artére radiale était plus grande
que ’artere cubitale et elle était la principale source
d’approvisionnement en sang a I’avant-bras. Les effets
cliniques d’arteres simples superficielles de I’avant-
bras sont examinés. Une personne dont les deux artéeres
radiale et cubitale sont superficielles serait a un risque
considérablement accru de blessures ou d’affection
iatrogene qui pourraient diminuer [’ approvisionnement
en sang a la main. Cette étude permettra de sensibiliser
davantage les cliniciens aux variations artérielles
potentielles, de sorte qu’ils puissent offrir une

! Department of Anatomy, Canadian Memorial Chiropractic College, Ontario, Canada.

Corresponding author: Myroslava Kumka
mkumka@cmcc.ca

Department of Anatomy, Canadian Memorial Chiropractic College, 6100 Leslie Street, Toronto, ON M2H 3J1

T: (416) 482-2340 ext 175
© JCCA 2015

J Can Chiropr Assoc 2015; 59(3)

253



A rare case of unilateral variations of forearm arteries: anatomy, embryology and clinical implications

adequate assessment, diagnosis and treatment of upper
limb lesions.

(JCCA. 2015;59(3):253-260)
KEY WORDS: radial artery, ulnar artery, arterial

variations, arterial development, ultrasonography,
diagnosis, chiropractic

évaluation, un diagnostic et des traitements adéquats des
lésions des membres supérieurs.

(JCCA. 2015;59(3):253-260)
MOTS CLES : arteére radiale, artére cubitale, artére

ulnaire, variations artérielles, développement artériel,
échographie, diagnostic, chiropratique

Introduction
Variations in upper limb arteries are a source of great
interest since they provide insight into individual de-
velopment and can affect both diagnosis and treatment.!?
Reviewing the literature, we found the variations in the
arterial pattern of the upper limb are common and have
long received attention from anatomists and clinicians.*'*

It is important that surgeons, chiropractors, and other
medical professionals are aware of variations in the course
of the forearm arteries that can affect both symptoms and
diagnoses. These variations can affect the interpretation
of morphological and functional findings, or lead to dif-
ficulty interpreting angiographic images."*?* They can
directly affect the success, and complication rates of pro-
cedures, such as cannulation, radial forearm flap surgery,
arterial grafting, fasciotomy for compartment syndrome,
cardiac catheterization, angioplasty, and orthopaedic sur-
gery.ﬁj,l0,12,16,17,19—3l

It is especially important to understand these variations
in order to avoid misdiagnosing forearm pathology, as de-
scribed by McWilliams et al*’, when a variant superficial
ulnar artery was clinically mistaken for phlebitis. Also of
note is the increased vulnerability of superficial arteries to
injury and laceration.'*202

The purpose of the presented study is to document the
existence and topographic anatomy of a case of variant
forearm arteries. We hope our study helps to enhance
clinician’s awareness of potential arterial variations, so
they can then provide adequate assessment, diagnosis and
treatment of upper limb lesions.

Materials and Methods

During a routine dissection of the upper limbs of a
68-year-old male cadaver, atypical courses and branch-
ing pattern of the left forearm arteries were encountered.
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These variant arteries were followed and their features
documented and photographed.

Results

Both variant forearm arteries in the left upper limb arose
from a typical brachial artery. As is usual, the brachial ar-
tery was at first medial to the humerus, and then gradually
spiralled anterior to it, reaching the midpoint of the cubital
fossa, lateral to the median nerve. Within the cubital fossa
the brachial artery was located centrally and divided near
the neck of the radius into its terminal branches, the radial
and ulnar arteries. We observed a variant course for the
ulnar artery, and a variant course and unusual branching
pattern for the radial artery (Figure 1A).

Ulnar artery

The ulnar artery, as one of the two terminal branches of
the brachial artery, was smaller than is commonly seen. In
typical cases, the ulnar artery is the larger terminal branch
of the brachial artery.*'* The variant ulnar artery des-
cended through the entire forearm superficially, covered
only by the skin, subcutaneous tissue and the antebrachial
fascia. For this reason, we classified it as a superficial ul-
nar artery (SUA).

The course of the SUA with respect to the median
nerve was also of note. Distal to the elbow, the SUA fol-
lowed the usual course lateral to the median nerve, then
crossed superficial to the median nerve, but was separ-
ated from it by the humeral head of the pronator teres
muscle (Figure 1B). In the typical course, the ulnar artery
crosses deep to the median nerve and is separated from
it by the ulnar head of the pronator teres muscle.*'* On
its course from the cubital fossa to the medial side of the
forearm midway between the elbow and wrist, the SUA
descended superficial to the pronator teres, flexor digitor-
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Figure 1.
Topography of the variant radial and ulnar arteries.

LEGEND

1 — brachial artery

2 — median nerve

3 — pronator teres
muscle: humeral
head

4 — ulnar artery

5 — radial artery

6 — brachioradialis
muscle

7 — flexor digitorum
superficialis muscle

8 — flexor carpi radialis
muscle

9 — common
interosseous artery

Figure IA.
Hllustration of the
superficial course
of the variant ulnar
and radial arteries in the anterior forearm region. The
variant ulnar artery (4) is the smaller terminal branch
of the brachial artery (1) and descends superficial to
the forearm flexors. The variant radial artery (5) is the
larger terminal branch of the brachial artery and runs
superficial along its course in the forearm.

um superficialis and flexor carpi radialis muscles (Figure
1A). In typical cases, the ulnar artery passes deep to these
muscles.*!*

The distal half of the SUA, from the level of the
mid-forearm to wrist, follows a typical course for the ul-
nar artery: at the wrist it was accompanied medially by
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Figure 1B.

The variant ulnar artery (4) crosses superficial to the
median nerve (2), but is separated from it by the humeral
head of the pronator teres muscle (3). The common
interosseous artery (9) in this case, is the branch of the
radial artery (5).

the ulnar nerve and the tendon of the flexor carpi ulnaris,
then traversed the superficial part of the flexor retinacu-
lum, and continued across the palm as the superficial pal-
mar arterial arch. The comparison of the courses of the
variant SUA and the typical ulnar artery is provided in
Table 1.
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Table 1.
Comparison of the courses of the variant superficial ulnar artery (SUA) and the typical ulnar artery.

Course & features Typical ulnar artery*!

Variant SUA

Origin

Larger terminal branch of the brachial artery.

Smaller terminal branch of the brachial artery.

Forearm’s proximal half

muscles.

Passes deep to the pronator teres, flexor
digitorum superficialis, and flexor carpi radialis | digitorum superficialis, and flexor carpi

Passes superficial to the pronator teres, flexor

radialis muscles. It is covered by the skin,
subcutaneous tissue and antebrachial fascia.

Relationship to median nerve

Lateral to the median nerve, and then it crosses | Lateral to the median nerve, and then it
deep to the median nerve, but is separated from | crosses superficial to the median nerve, but is
it by the ulnar head of the pronator teres.

separated from it by the humeral head of the
pronator teres muscle.

Forearm’s distal half, wrist

and hand antebrachial fascia.

ulnar nerve.

Covered by the skin, subcutaneous tissue and
Lateral to the flexor carpi ulnaris tendon and
Traverses the superficial layer of the flexor

retinaculum and continues across the palm as
the superficial palmar arterial arch.

Follows the typical course.

Radial artery

Contrary to what is typically seen, the radial artery in
this case was the main branch of the brachial artery, and
was therefore larger than usual. The course of a typical
radial artery in the proximal forearm is deep to the belly
of the brachioradialis muscle, and in the distal forearm
it is more superficial, covered only by skin and antebra-
chial fascia.*!* In our subject the radial artery was covered
only by skin and antebrachial fascia along its course in the
forearm and did not run deep to the brachioradialis (Fig-
ure 1A). For this reason, we classified it as a superficial
radial artery (SRA). Unlike most of the reported super-
ficial radial arteries,*®!'*!833-33 the superficial radial artery
in our subject followed a typical course in the wrist by
running deep to the extensor tendons at the level of the
anatomical snuff box.

We also found an atypical branching pattern of the ra-
dial artery. The common interosseous artery, which usual-
ly arises from the ulnar artery, in this case emerged as a
short branch of the radial artery distal to the radial tube-
rosity (Figure 1B). While passing toward the interosseous
membrane, the common interosseous artery was separat-
ed from the median and anterior interosseous nerves by
the ulnar head of the pronator teres muscle (Figure 2). The
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common interosseous artery gave off the anterior interos-
seous artery and the anterior and posterior ulnar recurrent
arteries before continuing across the interosseous mem-
brane as the posterior interosseous artery. All of these
branches followed typical courses and supplied the major
part of the posterior and anterior muscular compartments
of the forearm region.*'*

Discussion

Since the presence of both a superficial ulnar and a super-
ficial radial artery in one arm is extremely rare, we will
first discuss the incidence of the better documented singly
occurring superficial forearm arteries. We will then dis-
cuss the two studies in which both forearm arteries were
superficial, and the clinical implications of this type of
variation.

Superficial ulnar arteries are relatively rare, 0.7% to
9.4% 514 However, they usually branch much high-
er, either from the axillary artery or the brachial artery
as it courses in the arm, and are classified as superficial
brachioulnar arteries.® The superficial ulnar artery in our
subject originated in the cubital fossa, so would not meet
the definition of a brachioulnar artery.

Superficial radial arteries are even more rare, at an

J Can Chiropr Assoc 2015; 59(3)
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Figure 2.

The relationship of the common interosseous artery with the
median and anterior interosseous nerves and with the ulnar
head of the pronator teres muscle.

The common interosseous artery (7), branch of the radial
artery (6), divides into the anterior (9) and posterior
interosseous arteries. The ulnar head of the pronator teres
muscle (2) separates the common interosseous artery (7) from
the median (3) and anterior interosseous (10) nerves. The
anterior (8) and posterior ulnar recurrent arteries are the

branches of the common interosseous artery.

LEGEND
1 — pronator teres muscle:
humeral head
2 — pronator teres muscle: ulnar
head

3 — median nerve
4 — brachial artery
5 — ulnar artery
6 — radial artery

7 — common interosseous artery

8 — anterior ulnar recurrent artery

9 — anterior interosseous artery
10 — anterior interosseous nerve

incidence rate of ~0.5%, although this varies by popula-
tion.***37 They most often occur at the level of the ana-
tomical snuff box, with the artery passing superficial to
the tendons that form the borders of the snuff box, rather
than deep to them.*¢!** The superficial radial artery in
our subject differed from this pattern since it originated in
the cubital fossa, was superficial along the forearm, and
followed a typical course deep to the tendons that border
the anatomical snuff box.

Rodriguez-Niedenfuhr et al.’, described a superficial
brachioulnoradial artery as a superficial brachial artery
branching at the elbow into radial and ulnar arteries and
coexisting with a typical brachial artery that continues as

J Can Chiropr Assoc 2015; 59(3)

the common interosseous trunk. This is a different varia-
tion than in our study where the brachial artery followed
a typical course with just the radial and ulnar arteries fol-
lowing a superficial course.

The incidence of a combined superficial radial artery and
superficial ulnar artery is far less than the incidence singly.
We have only found two case reports where both a super-
ficial radial and a superficial ulnar artery occurred in the
forearm, and only one of these subjects had an abnormal
branching pattern of the radial artery.’*** In both of these
studies the subjects had a superficial brachial artery with
many branches, but did not have a typical brachial artery.
In these cases the superficial radial and superficial ulnar
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artery arose from the bifurcation of a superficial brachial
artery in the cubital fossa. This was different than in our
study, where the SRA and SUA arose from a typical bra-
chial artery. Similar to our study, the superficial radial and
superficial ulnar arteries rejoined their “common textbook™
position in the distal forearm. In one subject the common
interosseous artery arose from the radial artery, but this
subject also had a median artery originating from the com-
mon interosseous artery. In both of these studies there were
variant arteries along most of the upper limb, both in the
arm and forearm. Our study demonstrates that it is possible
to have variant forearm arteries occurring with typical arm
arteries. Despite this being a rare variant, the risk of injury
and iatrogenic consequences that could impact blood sup-
ply to the hand are substantially higher than the risks asso-
ciated with the more frequently reported single superficial
forearm arteries. The clinical implications relating to a sin-
gle SUA or SRA will be combined to discuss the clinical
implications of the variants described in this study.

An awareness of these variations is essential in order to
prevent difficulty in performing physical exams, or inter-
preting physical findings. McWilliams et al.?’, presented a
case in which a superficial ulnar artery was misdiagnosed
as phlebitis. Chin et al."”, described the difficulty even
trained anaesthesiologists have in differentiating between
an artery and vein in a case when a superficial ulnar artery
is present. In the current study this difficulty would be
compounded by the difference in size of the radial and
ulnar arteries, with the radial being larger than usual, and
therefore having a relatively stronger pulse.

Clinical difficulties associated with superficial
brachioulnar arteries and superficial radial arteries have
been separately reported. These include inadvertent
cannulation and difficulty interpreting angiographic im-
ages.>>1%3% Due to its position close to the cephalic vein,
a superficial radial artery is at greater risk of being ac-
cidentally cannulated than a superficial ulnar artery.'
Surgery for radial forearm flaps, coronary bypass and
compartment syndrome could lead to accidental division
of the artery, which could jeopardize blood flow to the
hand.'615:16.18:23293035 OQp the contrary, if the superficial
brachioulnar artery is identified, it could actually be of
benefit for plastic surgeons performing reconstructive
surgery with skin flaps, since it potentially has lower
complication rates and better cosmetic outcome than ra-
dial forearm flaps.6*
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The frequent use of the radial artery in coronary and
forearm flap procedures makes preoperative identification
of the arterial path by Doppler ultrasound or angiography
important.®7-1820222731 With the variant arteries described
in this study this would be even more vital, since the ra-
dial artery was the main source of blood supply to the
hand.

The clinical implications that were discussed above
with regard to superficial brachioulnar and superficial ra-
dial arteries would also apply to our subject. The argu-
ment could be made that since both forearm arteries are
superficial, a person with these variations is at much
greater risk for an injury that could compromise blood
supply to the hand.

Different theories about arterial development in the
upper limb have been a source of controversy for many
years.* When we combine the information from studies
that analysed embryonic development using 3D recon-
structive imaging* with information from molecular and
genetic studies*', a more comprehensive picture of arterial
development emerges.

Vasculogenesis occurs when signalling pathways cause
hemangioblasts and endothelial cells to assemble into
primitive tubular networks. The cells involved further
differentiate into arterial and venous endothelial cells,
creating the primary capillary plexus. This primary capil-
lary plexus is transformed into a complex network by a
remodelling and sprouting process called angiogenesis.
A delicate balance between activators and inhibitors in
the signalling pathways controls vessel formation during
angiogenesis. The capillary plexus develops in a proximal
to distal pattern and is present in the entire upper limb by
the 28" day of human embryonic development.

At this point the capillary plexus begins a maturation
process involving the proximal to distal differentiation of
selected parts. Some of the capillary plexus is maintained,
some enlarged, and some is pruned in response to the de-
mands of specific tissues and organs. Oxygenation and
nutrient availability may play a role in the expression of
the genetic pathways controlling this process. The axil-
lary and brachial arteries are present by the 41* day, and
the branches of the forearm arteries are present, except
the distal radial artery, by the 44" day of human embryon-
ic development. The variant arteries found in our subject
indicate that a disruption occurred during the process of
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vessel formation sometime between the 41 and 44" days
of human embryonic development.

Conclusions

We present an unusual case of superficial radial and ulnar
arteries. Typically variations in forearm arteries are asso-
ciated with early branching from the brachial artery, or, in
the case of the radial artery, a superficial course distally in
the forearm and wrist. In the presented case the brachial
artery bifurcates as usual in the cubital fossa, but both ra-
dial and ulnar arteries are superficial for the length of the
forearm, then they resume typical paths as they cross the
wrist. Also of note in this case, the common interosseous
artery emerged as a branch of the radial artery, not the
ulnar. To our knowledge, this combination of variations
has not previously been reported. A person with these
variations is at much greater risk of injury affecting blood
supply to their hands, and of iatrogenic complications if
invasive procedures are undertaken without identifying
the variations beforehand.
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